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1. Preliminary. For many years past little information which 
is both new and exact has been added to our knowledge of the 
pathology of malaria. This has probably been due to the 
exhaustion of the older methods of research which, being purely 
qualitative, have failed to indicate the precise correlations between 
the numbers of the parasites present in a patient and the various 
pathological and therapeutical reactions. For example, out of 
fifty-one and thirty-eight successful inoculations of men by means 
of infected blood and infected Anophelines respectively, in not a 
single one has any exact estimate been given of the number of 
parasites inoculated or recovered after the lapse of the incubation 
period; and, though many researches on quinine have been made, 
we know of none in which its direct effect upon the numbers of the 
parasites in the patient has been correctly measured. Moreover, 
the older methods often failed to reveal the parasites at all, unless 
they were present in large numbers. Hence our first care was to 
elaborate more exact methods both for detection and for enumeration. 
This was done early in the year (by R.R. and D.T.), though we 
have by no means reached finality yet. The new methods were 
next employed for all the cases in the Tropical Ward, daily counts 
of the parasites and often of the leucocytes, together with other 
estimations, being made (by D.T.). At the same time parallel 
chemical studies were carried out and therapeutical ones, and the 
measurements were carefully charted and compared. Even at 
this preliminary stage the results (which are given at the end of 
this paper) include more accurate verifications of some old 
conjectures, and demonstrations of some new theorems. 


N We before the Royal Society, Dec. 8th, and reprinted from Proc. Roy. Soc., Series B., 
- LXXXIII, P- 159, with Addenda.) 
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2. The detective method used. In the ordinary methods the 
blood is spread out in a thin film, liquid or dry, one cubic millimetre 
covering say four square centimetres of area. If the field of the 
oil-immersion lens has a diameter of 0'165 mm. and can be 
thoroughly searched by the eye in three seconds, about twelve hours 
work would be required to examine the whole of 1 emm. of blood 
in this way; and if the specimen contains only one parasite it may 
not, by bad luck, be found until nearly the whole of the area has 
been searched. We have therefore employed the ‘thick film proces: 
described by one of us (R.R.) in 1903. In this 1 c.mm. of blood is 
spread out over only about one-quarter of a square centimetre or 
less, and dried; the haemoglobin is then gently washed out with 
water; and the residue, consisting of parasites, leucocytes, platelets 
and the stromata of the red corpuscles, is carefully stained by any 
convenient inethod, with or without fixation. By this simple means 
the whole of a cubic millimetre of blood can be searched in less than 
an hour; but the identification of the Plasmodia requires considerable 
practice. 


3. The enumerative method used. The younger Plasmodia at 
too small to be counted by the use of an ordinary haemocytomettt; 
hence their number has usually been estimated by comparison with 
the number of red or white cells, the latter figure being determined 
by the haemocytometer. This gives a large compound error; fo! 
if e is the percentage error made in counting the red or white cells 
in one specimen, and e! is the percentage error made in computing the 
proportion of parasites to each corpuscle in that specimen, then, by? 
simple calculation, the total percentage error will be e+ el + ee! 109 
(For example, if e= + 5% and e! — + 10%, the total percentage ero 
will be +15°5%.) 

Our method consists simply in making a measured quantity of 
blood into a thick film preparation and then counting all the 
Parasites in it. The blood is measured by determining the diameter 
of a fine capillary tube under the Microscope, and then calculating 
and marking off the length of the tube required to hold a given 
quantity (as suggested by Dr. Wakelin Barratt). Thus a uniform 
tube of 0180 mm. diameter and 4 cm. length will contain 
1018 c.mm.—a convenient size. The blood is sucked into the tube 
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and then quickly discharged upon the glass-slide in one or several 
measured droplets, first samples being rejected. The dehaemoglo- 
binized thick film is fixed before staining in order to avoid loss, 
and the whole area is scrupulously searched with the aid of a sliding 
stage. 

Mr. M. Greenwood, Junr., informs me that if x is the number 
of parasites counted in the unit (say 1 c.mm.) of blood, and »z is 
the number of such units in the patient's whole body, then the total 
number of parasites in him, assuming uniform distribution, will 
be mn+067449m,/n. Thus the probable percentage error is 
67449/./z, the factor » cancelling out from the ratio. This 1s 
important, because it shows that the error depends, not on the 
magnitude of the measured sample taken, but upon the number of 
parasites actually counted in it. Hence, in order to obtain results 
within an assigned error, we take a large sample when the parasites 
are scarce and a small one when they are numerous; the number of 
parasites which we must find and count being given by the formula 
1=4550/e2, where e is the permissible error. 

The greatest error occurs when the parasites are so scarce that 
it is difficult to find enough of them to count up to the required 
standard; or when they are so numerous that it is difficult to 
measure a volume of blood small enough to contain an easily 
countable number of them. 1n these preliminary researches we have 
seldom examined at one sitting more than 1 c.mm. of blood, or less 
than 1 c. mm. 

When the parasites were very numerous we have sometimes fallen 
back on estimating their number by comparison with leucocytes, but 
are now elaborating improvements and special instruments for 
such, and other, details. The method is also accurate and rapid 
for other blood parasites, and for leucocytes. Other sources of 
error are (1) inaccurate measurements of the quantity of blood used, 
and (2) difficulty of seeing or distinguishing badly stained parasites. 

One kilogram of blood of average density (10575) contains 
945,626 cubic millimetres, and the blood in a man's body is 
estimated to weigh about 4'9 per cent. of the total body weight, 
from which data it is easy to compute the total number of parasites 
in a patient. A man of 64°74 kilograms, or about ten stone, will 
contain about 3,000,000 c.mm. of blood. 
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4. Lhe cases studied by us numbered thirty-three. A had 
been infected in West Africa or America, so that none was of les 
than some weeks’ duration when admitted into hospital in Liverpod. 
All were males of from eighteen to sixty years of age. They wer 
mostly shipmen or traders, and two were negroes. The parasites 
of all were counted almost every day, and sometimes several tines 
a day; and the temperatures were taken every four hours, or mor 
often. One case showed Plasmodium malariae, together with 
crescents (sexual forms of P. falciparum). Eight showed P. visa: 
only, and twenty-four P. falciparum only, two of the latte 
containing only sexual forms. Quinine was often withheld for 
some days while other methods of treatment were used. The 
cases were studied for 600 days altogether. There were 10 
deaths. 

All the cases are tabulated at the end of the paper for 
verification of details, and charts of cases 17 and 20 are given. At 
this preliminary stage of the enquiry we have undertaken to study 
only the gross daily correlations between the numbers of parasites 
and other phenomena, leaving more minute hourly and four-hourly 
analysis to future work. Hence if a number of counts or other 
observations have been made on one day we have recorded only the 
averages in the tables. For temperatures, however, it has ben 
thought best to record maxima instead of averages, and, as tht 
tables should be as economical as possible, we have used te 
haematothermic scale suggested by one of us (R.R.), in which tlt 
ten degrees between 95? and 105? F., or between 35? and 45°C., at 
divided into 100 parts. Except Case 6, specially studied by D:- 
Fantham, we have not distinguished in the tables the various forms, 
sets or stages of P. vivar, this being reserved for future study. 
Similarly, the treatment, leucocytes, haemoglobin and urobilin a 
not differentiated too minutely. Case 25 was counted by Dr. Korke. 


5. The correlation between the parasites and the fever. JP 
well known that fever is caused only by the asexual forms of tht 
parasites; but though these are generally thought to be mor 
abundant during  pyrexial periods, no extensive numerical 
studies on the point appear to have been made, with the resull 
that some sceptics stil] profess doubts on the subject. Our cast 
except four without fever (Cases 1, 15, 16, 27), would seem t° 


271 


indicate a very strong, almost convincing, correlation. Twenty-one 
of them suffered each from one pyrexial period, lasting from one to 
seven days and preceded or followed by apyrexia ; and in all except 
Case 32, the asexual parasites were very much more numerous 
during the pyrexial period. Nine of the cases (7, 17, 18, 19, 20, 23, 
24, 26, 32) suffered from one or two relapses each (thirteen relapses 
altogether); and every relapse, as well as every original attack, was 
associated with a comparatively large number of parasites (forty-three 
pyrexial periods altogether) Similarly, there were forty-six apyrexial 
periods (including the four cases without fever), all associated with 
comparatively small numbers of asexual parasites; and conversely 
not a single marked rise in the number of asexual parasites took 
place without corresponding fever. 

For further details we compare the numbers of parasites per 
c.m. counted on days of fever with those counted on days without 
fever. A febrile day is taken as any one on which the patients’ 
temperature exceeds 986? F. (= 36° Haematothermic Scale), or any 
one which comes between two tertian paroxysms (Cases 9, 14, 24). 
The non-febrile days on which no asexual forms could be found in 
1 c.mm. of blood are omitted. The results are: — 


Total Average i 
Cases Days parasites | per day Ratio 
P. vivax— | 
Fever . 8 30 136,062 41535 363 
No fever... 2 ane T 8 68 8,487 125 — 
P, falciparum— | | | 
Fever cu " Weed da 21 97 1,319,880 | 13,607 296 
län wu M LO | 83 | 39277 461 — 


lf we had not omitted the non-febrile days on which no parasites 
were found, the non-febrile daily averages would have been much 
smaller than the figures given above, and the ratio of the febrile 
averages to them much larger; so that the febrile excess is very 
marked. An examination of the details will further convince the 
reader of the great fall in temperature which accompanies the fall 
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in the number of parasites. We should note that the comparatively 
small numbers of P. vivax found are due to the fact that tte 
specimens generally contained a large proportion of mature parasites 
not as yet disintegrated into spores— these, of course, being absent 
from peripheral blood containing P. falciparum, in which ony 
spores or young forms generally occur. There is no reason fu 
considering quinine in this connection, because it probably affects 
the fever only through its action on the parasites. 


6. The degree of fever associated with various numbers ü 
parasites. We know of no extensive and exact studies on thi 
point, and ours are not yet complete. On forty-seven occasion 
the number of parasites was carefully compared with the maximum 
degree of temperature reached during the febrile paroxysm caustd 
by them, and the following results were obtained :— 


P. vivax (12 occasions)— 


No. of parasites... 0... — | — teee 1,400 So 449 " 
Maximum temp. °H.F. * Ws Es pe 5 e 7 
No. of parasites  ... ac ES 260 256 232 150 9 
Maximum temp. H.F. ...— .. 76 $4 46 4 3 
No. of parasites... Gm ane 100 83 
Maximum temp. I.F.  ... ... 34 20 
. (rigor) 
Co-efficient of correlation c l-a 0'68561 |+ 010318 
P. falciparum (35 occasions)— 
| 


A l stooo | ssme | saoo | em 
Maite mme | Mem | meo m 
GË o IS Ee 
Medie. c | tee ogo see | nemore 
ÄER zo c] 9790. | sel Sem] ste | se 
ME r M EE] om o 
Mustangs coc] e| nom | wel mim 


Co-efficient of cofrelatión r |= 0°60331 |+ O'07251 
VR 


K Hp Haematothermic acale Fahrenheit. 
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These figures, together with the numerous ones given in the table 
of cases, show a very marked correlation, but there are, of course, 
many minor deviations. In numbers of the specimens there were 
certainly two sets of parasites of different ages, which were often 
counted together, though only one set could have been concerned 
with the fever. It is probable also, though by no means certain, 
that the resistance to the toxin of the Plasmodia varies, not only in 
different persons, but in the same person at different stages in the 
course of his infection and under different physiological conditions. 
Our new methods will, we hope, enable us shortly to undertake 
very detailed studies on these points. 


7. The pyrogenic limit. It is quite evident that if the parasites 
fall below a certain limit they are no longer numerous enough to 
cause fever. Thus with P. vivax, an average of 125 parasites of 
all ages and forms counted during sixty-eight days in eight cases, 
and with P. falciparum an average of 460 asexual forms counted 
during eighty-three day in nineteen cases, failed to produce fever. 
The actual limit above which they become pyrogenic probably varies 
in different cases. With P. vivax as many as 1,500, 852 and 540 
were found in Cases 2, 6, and 7 without fever, and as few as 150 
and 50 in Cases 5 and 9 with very slight fever (986? F.), so that 
about 200 to 500 may perhaps be taken as the usual limit. With 
P. falciparum, as many as 1,620 (asexual) were found as an average 
of four non-febrile days in Case 206, and 1,196 as an average of 
six non-febrile days in Case 25; while in Case 18, from 16 to 1,860 
were present for twenty-two days without causing any marked 
fever, so that 600 to 1,500 may perhaps be adopted as the usual 
limit. With P. malariae (Case 1), an average of 79 were present 
for thirteen days without fever, but about 140 twice caused slight 
rigor. 


8. The asexual forms between the relapses. It is generally 
thought and taught that these forms tend to ‘disappear’ between 
the relapses—-though of course exceptions, especially in children, 
are noted—and to reappear during them ; and several hypotheses, 
such as that of parthenogenesis (F. Schaudinn) have been advanced 
explain the supposed phenomenon and have led to what appears to 
be much waste of work. We find that the asexual forms do not 
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necessarily disappear at all between the relapses, but are generally 
still to be found in small numbers per c.mm. on most of the days. 
The apyretic periods preceding the thirteen relapses in our cass 
(7, 17, 18, 19, 20, 23, 24, 26, 32) lasted 114 days altogether (nearly 
nine days each on the average). On eighteen of these days no 
observations were made; but on the remaining ninety-six days the 
parasites were found in small numbers in 59, or Ói per cent., and 
were not found only in 37. Moreover, the general trend of the 
curves suggests that they were not found on these days only because 
their numbers were a little too few for detection. The parasite 
curve, at its height during a pyrexial period, generally falls very 
rapidly at first and more slowly later, and tends to reach its lowest 
about half way between two apyrexial periods. At this point it 
may or may not remain above the detectable limit (by thick film 
methods). After this it was observed (by D.T.), especially in 
Cases 7, 17, 23 and 24, to begin mounting slowly at first, until 
when it reached the pyrogenic limit, another pyrexial period 
commenced. All this is scarcely compatible with the speculation 
that the apyrexial periods are due to the abrupt death of most of 
the asexual Plasmodia, or to their conversion into ‘resting stages, 
etc. Nor do such speculations appear to be at all necessary. Its 
easy to see that the survival of comparatively small numbers of the 
asexual forms will suffice to keep the infection alive, not only for 
the short periods observed by us, but for ‘relapses of long interval 
and for months or years. Obviously, if only a few parasites pet 
cmm. are present, they may easily be overlooked in the small 
amount of blood (say o'r c.mm.) usually examined by thin film, 
and may then be reported as being absent: yet many millions may 
still exist in a patient who contains say 3,000,000 c.mm. of blood. 
The speculation regarding parthenogenesis in malaria and the case 
of Schaudinn, supposed to Support it, have been criticised elsewhere 
by one of us (R.R.).* In two of our relapsing cases (19, 26) no 
sexual forms at all were found during thirty-five different thick 
film examinations. Even if they were present in small numbers 
(crescents do not collect in the spleen), yet the numbers of asexual 
Parasites found in or just before the relapses (24 and 400 per c.mm.) 


cannot be explained by parthenogenesis unless we suppose that each 


I91o). 
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sexual form produced by ' gametoschizogony ' 840 or 14,000 spores. 
Until better evidence for such views is adduced, our results justify 
the doctrine that the malarial infection is kept continuously alive 
simply by the persistence of the asexual form in varying numbers; 
and that fever occurs only when the forms are numerous enough to 
produce it. 

9. The effect of quinine on the asexual forms. The destructive 
effect of the drug is of course everywhere recognised, though very 
hile completely satisfactory statistical evidence can be cited in proof. 
Many laborious researches have been made regarding the comparative 
utility of the various salts, but these have been confined almost 
entirely to estimating the rate and percentage of absorption, judged 
from urinary elimination. The subject is of the greatest sanitary 
and medizal importance ; but, so far as we can see, it can be usefully 
studied only by the more detailed enumerative analysis which we 
propose soon to undertake. Our daily analysis gives little more light ; 
but the following figures may be mentioned. Cases 15, 16 
showed no asexual forms; Cases 11 and 13 were so severe that 
quinine was given at once; Cases 1, 5, 27, 31 and 32 were so mild 
that quinine was withheld during the period of observation; and 
in the remaining cases the drug was withheld only for some days 
(except an occasional necessary dose) and was then given continuously 
while the parasites were being counted. We have therefore added 
together all the daily counts during the periods of no-quinine and 
quinine respectively. With eight cases of P. vivax there were 
forty-five no- quinine days showing 104,032 total parasites, or an 
average of 2,312 a day; and there were 74 quinine days with 
31,769 total parasites, or an average of only 429 a day (one-fifth). 
With P. falciparum (19 cases), 147 no-quinine days showed an 
average of 31,136 asexual forms, and 148 quinine days an 
average of 1,535 (one-half). We should have expected that 
the proportion of quinine-day parasites would have been 
smaller; but the no-quinine counts are diminished by the inclusion 
of the five mild cases and also by doses of 10 to 20 grains 
Which were given on ten isolated occasions. On quinine days the 
doses are generally 20 to 30 grains a day, and Cases 11, 13, 14, 15 
and 16 and parts of other cases are omitted because they were 
unsuitable. Great falls in the number of parasites occurred, even 
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without quinine, in Cases 5, 17 and 26; while, on the other hand 
smal] numbers of asexual forms remained in some cases for five o 
more days in spite of considerable daily dosage. In Case 23: 
severe relapse began six days after the stoppage of quinine tannate, 
which had been given for nine previous days in ten to thirty grain 
doses daily. No other relapses occurred after continuous niis 
treatment; but twelve occurred without it. 


10. Observations on the sexual forms. It is, of cours, 
generally held—and probably quite rightly—that these ar 
developed (by a cytological process not yet clearly seen) from the 
asexual forms. But at the same time no one has been able to not 
any correspondence between their numbers—many of the forme 
may be present when the latter are very scarce, and vice versa. This 
rule, which is fully confirmed by our figures, has always been 
difficult to reconcile with the accepted theory of origin. 0: 
comparing our curves, however, the remarkable fact was observed 
(by D. T) that there often seems to be indeed i 
correspondence, but that it is delayed for from eight to ten 
days—that is, that the sexual curve tends to rise that number 
of days after a rise in the asexual curve. Out of our twenty-hie 
infections with P. falciparum eighteen showed crescents, and of 
these cases, 14, 22, 17, 18, 20, 23, 24 and 30 suggest this 
phenomenon, while in 1 7 and 20 the rises are sufficiently isolated t? 
show it most distinctly. In Case 1 7, asexual rises existed on the 
ist-3rd days, the 11th-12th and the 21st-22nd days, separated by 
apyrexial periods during which few asexual and no sexual forms 
were found; but on the 30th day (eight days after the last relapse) 
crescents appeared for the first time. In Case 20 an asexual relaps 
commenced on the 17th day and reached its height on the 20th day. 
A very few crescents had been found all the time; but a marked 
rise in their numbers commenced on the 26th day and reached its 
height on the 28th day. The most ready explanation is that th 
crescents require eight to ten days for development, during which 
they remain undetected, Probably in the internal organs of the host. 
This is confirmed by the fact that numerous small ones are seen 3t 
E Ee of ar ise ; and also by the observation (frequently 

in fresh infections the crescents seldom appear until 2 
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week or more after the first attack of fever. Strong confirmation is 
also given by Case 6, in which Dr. Fantham noted a sudden 
appearance of sexual forms (P. vivax) on the 11th day, seven to ten 
days after the original asexual rise and after the patient had been 
taking thirty grains of quinine daily for a week—suggesting that 
the same phenomenon holds for P. vivax also. 
Other observations are as follows:—(1) By no means every 
asexual rise is followed by a sexual one. In seven cases (13, 19, 
25, 26, 28, 31, 33) no crescents at all were seen. In Case 13, a 
negro, 173,400 asexual forms per c.mm. failed to produce any; 
and none was observed in another negro (Case 28). (2) The number 
of crescents never exceeded five per cent. of asexual forms found 
in the generation which (hypothetically) produced them, and were 
generally in much smaller proportion. (3) We could find no 
relation to youth, vigour, amount of haemoglobin, duration of 
infection (from three to thirty weeks), or season of first infection. 
(4) The daily counts of crescents generally show marked daily 
variations, but we think that after considerable doses of quinine 
have been given for some days these daily variations tend to be 
smoothed out (Cases 16, 18, 22, 24). (5) In Cases 15, 14 and 16, 
particularly, a distinct tertian tendency was observed in the daily 
variations of crescents. This appears not to have been previously 
noticed, but is just what would be expected in the case of a tertian 
parasite—though, of course, the curve would be confused in a 
double tertian. (6) Sometimes the crescent curve suddenly rises 
with great rapidity, reaches its maximum, and then begins to fall 
on the next day with equal rapidity, though, later, the fall often 
tends to be much more slow (Cases 14, 15, 22, 23), especially when 
the numbers are very small. Apparently, the greater the maximum 
the quicker fall (Cases 14, 15); and the fall is sometimes jagged 
with a tertian tendency (ibid). (7) Sometimes the maximum 1s 
irregularly maintained for a number of days (Cases 16, 18, 24), 
especially when quinine has not been previously given. (8) The 
crescents remained detectable for as many as 31, 32, 32, 35 and 44 
days in Cases 20, 22, 23, 24 and 18 respectively; and finally 
disappeared (in 1 c.mm. of blood) in Cases 1, 11, 12, 10, 21 and 23. 
From these data we think (1) that a varying percentage of 
asexual forms (sometimes very few or mone) are constantly 
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generating crescents, which, after about eight to ten days, appx 
in the peripheral blood. Hence, when the asexual forms remain 
sufficiently numerous for a period, as when no quinine is given, tle 
stock of crescents is being constantly replenished. Thus the 
mortality among the older crescents is constantly being compensated 
for by new arrivals, and the total numbers appear to remain 
constant—an appearance which has given rise to the generally 
accepted hypothesis (perhaps erroneous) that the crescents survive 
for weeks. On the other hand the sudden rise and fall of their 
numbers seen in Cases 14, 15, 22 and 23, suggest that they really 
survive only for a short time after their appearance in the peripheral 
blood. In Cases 16 and 24, however, a few crescents were still 
found after quinine had been given continuously for sixteen to 
eighteen days, suggesting that some of them may be able to survive 
for longer periods. In Cases 20, 22 and 23, they appeared in 
increasing numbers for four to six days after continuous 30-gral 
doses of quinine had been commenced, suggesting that the drug 
has no effect upon them when they have once been generated. But 
quinine appears to affect the numbers of crescents indirectly by 
cutting off the source of supply. Though many researches upon 
the effect of quinine on crescents (a subject of the greatest sanitary 
importance) have been attempted, so far as we know the possibility 
of a constantly continued supply has not previously been taken into 
consideration. We are continuing researches on the point. 


11. The leucocytes were counted frequently, but not always 
daily; at first by the haemocytometer, but in the later twenty 
cases by the thick film method. The latter method has the 
advantages of putting the leucocytes closer together and ol 
enabling us to estimate them at the same time with the parasite 
but, like the haemocytometer, it is not very appropriate 
for differential counts because of occasional uncertainty 1? 
distinguishing the various kinds. Accordingly these were made 


(in Six cases) by thin films, 500 cells being examined on each 
occasion. 


Our results are, as shown in all the cases, that during the pyrexia! 
Periods the total leucocytes are comparatively few, being frequently 
as low as 2 to 3,000 per c.mm. (Cases 17, 18, 23, 24, etc) Bula 
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the asexual forms and the fever diminish the total leucocyte curve 
rises, and about seven days later exceeds the normal and may reach 
20000 and even, rarely, 30,000 per c.mm. (Case 7)—though this 
height is not maintained. The very high counts seem to be associated 
with much quinine. We observed generally that the so-called 
polymorphonuclear leucocytes, though rather few during the 
pyrexial periods, do not vary much from day to day, but about 
seven days after the fever has abated their numbers are markedly 
increased and vary much. The so-called mononuclear percentage 
was, however, always in excess throughout the cases, even long 
after disappearance of all forms of the parasites—for six 
weeks afterwards in Case 1, though quinine had been given 
daily during that period (out of hospital). We think, therefore, that 
a high mononuclear percentage is likely to be always of value in 
diagnosis in the absence of parasites. The normal ratio of all 
mononuclears to polymorphonuclears is about 35 per cent., but in 
our cases it was often 60 per cent., and in Case 30 reached 80 per 
cent. It tends to fall slightly with great improvement in health. 
Thus the total leucocyte rise appears to be due chiefly to mono- 
nuclears. During the individual daily paroxysms, as shown by 
Stephens and Christophers,* the total mononuclears are rather low 
during the height of the fever, but show a marked increase during 
the following remission, this increase affecting chiefly the large 
mononuclears. This process is repeated with each paroxysm, and 
if a paroxysm fails the mononuclears remain increased (Case 9 
especially). But we could not always find these variations in the 
absence of fever and many parasites. This mononuclear reaction, 
which we have also seen in our case of trypanosomiasis, appears to 
be exactly comparable to the polymorphonuclear reaction described 
by E W. Andrews ('Lancet, June, July, 1910) as generally 
occurring in bacterial diseases. 


12. Various therapeutic agents. Methylene blue was tried in 
three cases in 12 grain daily doses; the parasites diminished, but 
we cannot draw any conclusions from the figures. In Case 24, 
altogether 36 grains of soamin were injected intramuscularly in 


leucocytes as a diagnostic sign of malaria. 


H ' ~ 
The increase in the number of large mononuclear EEN 


Royal Society's Malaria Committee Reports, Fifth Series, 1901. Harrison & Sons, 
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5 to 10 grain doses on five occasions during twelve days, and yeta 
smart relapse occurred during and after the last dose. In the same 
case just before the same relapse X-rays had been applied over the 
spleen and abdomen for twenty minutes. The asexual parasite rise 
had commenced before the application. In Case 24, faradic and 
galvanic currents were applied over the spleen, each for ten minutes 
but crescent counts made immediately before and two hours alter 
the application remained unaltered 


13. Haemoglobin. This was estimated in most of the late 
cases. The percentage always fell during fever and began to ris 
rapidly shortly afterwards, proving the destructive effect of the 
parasites and the rapid recuperation of the patients. The greatest 
fall was 25 per cent. after four days' fever (Case 20); but mure 
detailed work is required to trace correspondence with the number 
of parasites. The lowest percentage found was 53 per cent. All the 
patients were anaemic at first, but the haemoglobin rose rapidly with 
improvement of health, and very rapidly in the more vigorous subjects 
We decided not to attempt counts of red corpuscles, as these have 
been made so frequently already. The climination of the haemoglobin 
and the findings in a case of blackwater fever will be dealt with in 
the two following papers by Dr. Simpson and in one by ourselves. 


14. Summary. (1) There would seem to be a very decided 
correlation between the number of asexual Plasmodia found in the 
peripheral blood and the fever. 


(2) As a rule, no fever exists unless the asexual forms exceed 
some hundreds per c.mm. 


(3) The asexual forms do not always disappear between relapses 
(as often thought) but tend to persist in small numbers per c.mm-« 


and often increase again for some days before the actual febrile 
relapse occurs. 


(4) These observations give a coherent theory of the malarial 
Invasion, according to which the infection is kept alive indefinitely 
by the ordinary sporulation of the asexual forms, and not by 
parthenogenesis or by resistant forms; and fever recurs only wher 
the parasites are numerous enough to produce it. 
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(5) We estimate from our cases that considerable continued 
doses of quinine reduced the asexual forms by 50 to 80 per cent. 


(6) There are strong reasons for supposing that the sexual forms 
require eight to ten days for development; that the often noticed 
long persistence of crescents is not due to their long life (as 
generally thought) but to constant replenishments of the stock by 
fresh broods; that they sometimes show a distinct tertian 
periodicity; and that quinine does not affect them when once 
generated; but ultimately reduces their numbers by destroying the 
generating cells. The sexual forms were never seen to produce 


fever. 


(7) The leucocytes are below normal during febrile periods and 
above normal afterwards. The percentage of mononuclears rises 
after paroxysms and is always in excess of the normal. 


(8) Methylene blue, soamin, X-rays, and faradic and galvanic 
currents had no results in a few experiments. 


(9) The haemoglobin falls markedly with fever, but rises rapidly 
with convalesence. 


(10) The faecal urobilin shows marked correlation with the 
occurrence of fever, and is specially studied in the accompanying 
paper by Dr. G. C. E. Simpson. 

Many other deductions may be based on our observations, but 
will be' better considered after more detailed counts have been 
made. 
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TABLE GIVING THE DAILY DETAILS OF 33 CASES OF MALARIA STUDIED 
BY ENUMERATIVE METHODS 


Norr.—The headline of each case gives initials, calling, age, where infected (presambir, 
how long previously infected (presumably), month of admission, and body weight on admisi 
Tbe maximum temperatures are given in the Haematothermic Fahrenheit scale (H.E), viii 


equals the excess over 95^F., multiplied by 10. The leucocytes are recorded in hundreds zz 
cmm. ; the haemoglobin either in the Talqvist or the Sahli scale; the urobilin (either ve 
or faecal) in milligrams; the drugs in grains; and the parasites (either all forms together ot aera! 


and sexual forms separately) in numbers per e.mm. 


A. P. malariae and P. falciparum (crescents only). 


Case 1.—W. M., ship butcher, 42; West Africa; yo days; February, 145 lbs. 


Days Te Sr Ge "e 1 2 a d 5 6 
Total parasites ... T sie — 254 76 = 148 npo gi 
Crescents Se Ss i 200 164 170 — 180 ar H 
Maximum temp. SES SE 26 20 20 22 30 S d 
(rigor) (igor) 
Methylene blue, grs. ... Boc — = = = 4 B d 
Polychr. methylene blue, c.c. ... — — = = zx SR 
Ur. urob., mgr. ... ont T 20 ? 18 o o - 
Da E: on Se 8 9 10 11 12 ët 
Total parasites 0. 27 140 57 17 17 3 d 
Crescents eet 5T T 220 117 86 79 51 3 L 
Maximum temp. " A 40 30 30 30 16 E T 
Methylene blue, grs. ... Sc i2 12 12 12 12 Es $ 
Polychr. methylene blue, c.c. ... — — = — = = T 
Ur. urob., mgr. ... oat Ss == — — — = i. 
DG ao SEE 1$ 16 17 18 19 am 
Total parasites ... — ... 35 16 6 o = e x Ñ 
Crescente To T" SC l 10 10 "o — 2 z : 
Maximum temp. Tm m 3 30 34 24 30 jo p 
Methylene blue, grs. ... X = = — — A E 
Polychr. methylene blue, c.c, ... 15 45 30 o — E S 
Ur. urob., mgr... — .. x == = = = = — ad 


B. P. vivax. 


Days 
Total parasites ... 


Maximum temp. 


Days 

Total parasites ... 
Maximum temp. 
Q. sulph., grs. 

Ur. urob., mgs. 


Days 
Total parasites ... 


Maximum temp. 


Total leucocytes 

Hb. Tal., percentage 
Ur. urob., mgs. ... 
Days 

Total parasites. ... 


Maximum temp. 


Total leucocytes 
Hb. Tal, percentage 


Ur. urob., mgs. 


Days 

Total parasites ... 
Maximum temp. 
Methylene blue, grs. 
Total leucocytes 

Hb. Tal, percentage 
Ur. urob., mgs. ... 


Faec, urob., mgs, 
S 


Q. hydrochloride, grs. ... 


Q. hydrochloride, grs. ... 


Q. hydrochloride, grs. ... 


Case 2.—]. B., seaman, 26; Colon; 


I 
8,766 
48 


o 


11,019 


9o 


t 
28,700 
92 


19 


283 


t20 days; January, 147 lbs. 


2 
6,233 
38 


LS 


Case 3.—]. H., seaman, 50; W. Africa; 35 days; 


2 


1444 
42 


2 


7:753 


6o 


a 


A 
2,630 
58 


30 


Case 4.—]. Hough, ship steward, 22; Vera Cruz; 
1 Bh, ship 


3 
1,153 
76 
50 

85 

23 


o 


Case 5.—R. R, planter, 25; Fernando Po; 75 days; March, 129 lbs. 


+ 5 6 7 
1,500 — 1,260 — o 
20 24 24 18 
30 30 jo 30 
January, ? 
+ 5 6 to 1I 
88 4o o o 
34 3 22 normal 
= 20 20 20 
o o — — 
112 days; March, (os lbs. 
+ 5 6 7 
230 46 3 
58 30 26 28 
3o 3o BS jo 
86 — — — 
So 85 85 85 
82 140 (7 19 
4 5 6 7 
1,000 t50 200 140 
go 36 36 26 
12 12 12 12 
56 71 47 48 
30 85 85 So 
aa = == 
S = 2 = 


Case 5—continucd 


Days os n Dos x 8 
"Total parasites ... seu oc 200 
Maximum temp. ... e 20 
Methylene blue, grs. ... co 12 
"Total leucocytes EES ees — 
Hb. Tal., percentage ... one 9o 
Ur. urob., mgs. ... D see — 
Faec. urob., mgs. cat E — 
Days ... Ges ... ... t5 
Total parasites ... ... ae 6 
Maximum temp. Gto CG A8 


Methylene blue, grs. ... ee = 
Total leucocytes E cor 78 
Hb. Tal, percentage — ... Sec 9o 
Ur. urob., mgs. ... con EES — 


Faec. urob., mgs. ... Di = 


Case pl. M., sailor, 19; Niger ; 


Days Ee DI ... DS 1 
As. parasites... E an 852 
Sex. parasites — ... oo 3x p 
Maximum temp. Bog e 26 
Q. bihydrochloride, grs. cóc o 
Ur. urob., mgs. ... Sdn oon — 
Faec. urob., mgs. SC > — 
Days am By ado Es 8 
As. parasites — ... "es ` 24 
Sex. parasites... oon coe — 
Maximum temp. ... a 24 


Q. bihydrochloride, grs, ocn 3o 
Ur. urob., mgs. ... 


Faec. urob., mgs. ... Fen 100 


135 days; 


2 


April 
3 


1,080 


73 
18 


10 


Case 6—continued 


Days 

As. parasites 

Sex. parasites 

Maximum temp. 

Q. bihydrochloride, grs. 
Ur. urob., mgs. .-» 


Faec. urob., mgs. 


15 16 
49 52 
24 IO 
3o 30 


3+ 
30 


Case 7.—W. M., fireman, 35; Niger; go days; May, 155 lbs. 


Days 
Total parasites ... 


Maximum temp. 


Q. hydrochloride, grs. ... 


Total leucocytes 
Hb. Tal, percentage 


Faec, urob., mgs. 


Days 
Total parasites ... 


Maximum temp. 


Q. hydrochloride, grs. ... 


Total leucocytes 
Hb. Tal, percentage 


Faec. urob., mgs. 


Days 
Total parasites 


Maximum temp. 


Q. hydrochloride, RES es 


Total leucocytes 


Hb, Tal, Percentage 


Faec. urob., mgs. 


I 2 
— 440 
22 102 

o 10 
20 4 
70 8o 
— o 

8 9 
28 96 
26 24 

o o 

21$ 151 
8s 85 
130 o 
15 16 
284 368 
42 54 

o 1o 
61 100 
8o 80 


us 


4 


133 


34 


9o 


79 


24 


Sahli 


per cent. 


149 


Case 7—continued 


Days ae one ... 22 23 24 
Total parasites ... 16 28 32 
Maximum temp. 32 22 25 
Q. hydrochloride, grs. ... qe 30 30 30 
Total leucocytes Ace co do 180 44 
Hb. Tal, percentage ... 35a 83 $3 82 
Faec. urob., mgs. SCH roe — — = 
Days 200 E am 3 29 3o 31 
Total parasites ... ev rak o o o 
Maximum temp. ado qoc 30 36 30 
Q. hydrochloride, grs. ... s 30 3o 3o 
Total leucocytes SES SC 100 61 200 
Hb. Tal, percentage... 75 8o 75 
Faec. urob., mgs. E ae — = = 
Days... ees e Ee 36 37 38 
“Total parasites ... Gen es o o o 
Maximum temp. «ee ... 30 $2 — 
Q. hydrochloride, GD ens oc 30 30 jo 
Total leucocytes oe SES 320 185 160 
Hb. Tal, percentage ... ono 95 100 100 
Faec. urob., mgs. SE D = = = 


Case 8.—P. D., fireman, 29; ?, 240 days; May, 7 


Day: an bob Se o 1 2 3 
Total parasites ... UG - 7,600 3.615 — 2,816 
Maximum temp. ot en 88 86 9o 
Q. hydrochloride, grs. ... og — — 10 
Total leucocytes 390 on 78 30 28 
Hb. Sah., percentage .., Sex So 68 8o 
Ur. urob., mgs. ... ze Gei o 8o rii 


Kacc urob, 
. s Nigs. ... OC 
; Dig o o 5,120 


Case 8—continued 


Days we ave Ser ss 3 
Total parasites ... cát n. 16 
Maximum temp. o Ae 30 


Q. hydrochloride, grs. ... is. — 


Total leucocytes " c 56 
Hb. Sah., percentage ..- chi yi: 
Ur. urob., mgs. ... Së ins — 


Faec. urob.. mgs. 


Din o I ix 15 
Total parasites ... x. SE o 
Maximum temp. er 35 3 


Q. hydrochloride, grs. ... 


Total leucocytes See es 150 
Hb. Sah., percentage ... st 8s 
Ur. urob., mgs, ... SCH Co - 


Faec, urob., mgs. 


Case 9.—N. B., sailor, 24; Peru, 45 
Days... ana E ens 1 
Total parasites +... — ... ew T5400 
Maximum temp. seg ate 103 


Q. hydrochloride, gra. ... ac = 


Mon. leucocytes... ... oe 15 
Pol. leucocytes ... To m U 
Hb. Sah., percentage... m 95 
Dap ` — So TE oe 8 
Total parasites .., — ... os 20 
Maximum temp. Se So 22 


Q. hydrochloride, grs. ...— ... — 
Mon. leucocytes... 
Pol. leucocytes ... " zn 35 


Hb. Sah., percentage ... Ksg 8o 


3c 


Sc 


days; J 


lu 


10 11 
o 8 
26 28 
300 Kei 
75 75 
17 18 
[o o 
24 22 
rto = 


une, 161 lbs. 

3 4 
12,180 9,600 
97 34 

20 30 

8 72 

39 42 

go 95 

19 11 

o o 

23 25 

48 IOS 

75 Mi 

9o 35 


13 


20 
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C, P. faletparum— 
Case*10.—~A. AL ship engineer, 37; Kamerun, 140 days; January, r4; lbs, 


Days Gs Se SCH ges 1 2 3 4 5 6 H 

*As. parasites... soe e. 1,000 10,000 14,700 — 8,650 — 2,600 os 

Crescents TE SE SCH — — = =< = 17 H 

Maximum temp. Go Gë 62 38 38 $4 26 » d 
Q. sulph., grs. ... oe tes - — — 20 20 3 s 
Ur. urob., mgs. ... ono ne — 100 75 75 155 poz 
Days e 3 $ — — — == c ES 
As. parasites — ... o ge — — — — = — CS 
Crescents Kes GC SE 13 — e — = = = 
Maximum temp. SCH ane 18 — — — = — 
Q. sulph., grs... 505 Cep 20 — — = = Sech "" 
Ur. urob., mgs. ... BE Se 17 = — — — = vi 


Case 11.—W. M., steward, 17; Niger; igo days; January, 126 lbs. 


Days GE SE 3: SS 1 2 d 4 5 6 
As. parasites — ... — .. «+ 56,257 56,300 o o o Qu 
Crescents e Së ae — — 4 16 n 15 ^ 
Maximum temp. Sex Se 9o 68 44 i$ 20 W 
Q. hydrochloride, grs. ... Fos 30 30 30 30 3o EE 
Ur. urob., mgs. ... dn ces 75 1,730 500 250 237 de. : 
Days Kee son eo^ e 8 9 to DI 12 13 H 
As. parasites T SC SP = = => o o a » 
Crescents B03 con ee (et seg. 5 days) = = m NN 
Maximum temp. dn ene 30 24 34 24 20 24 q 
Q. hydrochloride, gre. ... déi (s 55 15 5 1 15 5 
Ur. urob., mgs. ... SE an ES o o 50 20 o > 
Case 12.—C, H., Seaman, 24; Niger, 30 days; January, 112 Ibs. - 
ENG un cor Sr GES i 2 3 + 3 a i 
As. parasites... on Ue 24,600 047,000 45,250 — 2,250 9 9 Y 
Crescents X ae me = = M" Pu $0 168 d 
Maximum temp. E ^R 50 86 64 42 32 20 N 
ee un o O 
CE Mob ings s ES ONE T 


Case 13—continued 

Dan e e on 200 8 
As parasites ` e es o 
Crescents ee ve oni 48 
Maximum temp. on ode 20 
Q. sulph., grs. ... ET en 10 


Vr. urob., mgs. ... SE ... o 


Days — ... ge SES T 15 


As, parasites — ... o Ge — 


o 


Crescents 
Maximum temp. to wé 22 


Q. sulph., grs. ... cic doc 


Ur. urob., mgs. ... Ge Ser o 


Days e zh ES aD 1 


Maximnm temp. - Es E 108 


Urano Mgs. as oa TED = 


Days — ... E oe ved 3 


Maximum temp. SH ves 20 
Q. hydrochloride XE Se 15 


Ur. nrob., mgs. ... Anh Sex 20 


Das on sea ^e Sc 1 


Crescents Ee Ee ane = 
Maximum temp. o cbe 76 
Q. bihydrochloride, grs. sss 10 
Total leucocytes ze e 78 


Ur. urob., mgs. ... SC Sc o 


Case 13.—G. N., negro seaman, 22; Congo; 


As, parasires — ... Se «+. 181,933 173,400 


Crescents m Sg es o 


Q. hydrochloride dm ... 3o 


As. parasites... ae oe o 


Crescente ec mo PS o 


Case 14.—]. M., sailor, 31: Gold Coast: 56 


As. parasites... E .. 28,100 310,050 


30 days 


o et. seg. (14 days) 


days; January, 153 Ibs. 


us 


410 


Case 14—continued 


Days xc Dor ^n on 8 9 [T] 11 12 [E] u 
As. parasites... xc oe o o o o o o 0 
Crescents occ T e.» 1500 1,300 1,090 1,500 H 1,130 am 
Maximum temp. 366 ou 20 14 14 12 18 10 - 
Q. bihydrochloride, grs. ss — — = = = = = 
Total leucocytes E geg 56 81 80 56 $9 62 62 
Ur. urob., mgs. ... dm “re 39 11 9 Ke e EP E 
Days Ger E ... ess 15 16 17 15 10 20 H 
As. parasites — ... ... sa o o c o o o o 
Crescents Ju one e. 1,022 691 336 422 — 162 95 
Maximum temp. SES SCH — — = — — — = 
Q. bihydrochloride, grs. SE — — — — — = = 
Total leucocytes an am 50 68 59 = 81 36 z 
Ur. urob., mgs. ... SES os — — — — = = z 


Case 15.—W. B., fireman, 27; Vera Cruz 3 49 days; January, 126 lbs. 


Days oc ES ooa con 1 2 3 4 3 6 7 
As. parasites — ... eco de o — = = = o E 
Crescents xr T «+ 6,700 — 4370 4,00 400  — Hm 
Maximum temp. ax. — EE 16 14 22 normal = x E 
Q. hydrochloride, grs. .., az 30 30 30 30 15 etseg. = 
Total lencocytes e oco 112 — 100 87 97 xx EN 
Ur. nrob., mgs. ... SE ore o o — — s 7 B 
Days Em ses ... p 8 9 10 11 12 Es E 
As. parasites E oe es — — — — => Se ps 
Crescents S SES .. 0,870 937 937 770 +70 m z 
Maximum temp. waa oo — — — — = Sg Se 
Q. hydrochloride, ME des one = = em = =~ = RW 
Total leucocytes 200 oe 168 137 134 i 147 RE = 
Er urob., ngs. ... m "S ZI o o — 7 
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Case 16.—J. G., seaman, 17; W. Africa; 70 days; February, 126 lbs. 


Days 

As. parasites 
Crescents 
Maximum temp. 
Total leucocytes 


Q. sulph.. grs. 


Days 

As. parasites 
Crescents 
Maximum temp. 
Total leucocytes 


Q. sulph., grs. 


Days ` ... s 
Às. parasites... 
Crescents 
Maximum temp. 
Tatal leucocytes 


Q. sulph., grs, 


Days 

As. parasites 
Crescents 
Maximum temp. 
Total leucocytes 


Q. sulph., grs. 


I 


o 


Case 17.—R. B., seaman, 19; Congo; 49 days; March, 134 lbs. 


Days 

An, parasites 
Crescents 

Maximum temp. 

Q. hydrochloride 
Total leucocytes 

Hb. Tal., percentage 
Ur. urob., mp. .., 


Pare. urob,, mgs. 


2 3 + 5 6 7 
107 99 230 146 220 197 
24 14 normal — = = 
81 93 112 122 137 115 
9 10 11 12 13 14 
200 107 125 152 97 140 
128 107 112 93 106 100 
= — 20 20 19 10 
16 17 18 19 20 21 
60 47 65 H 51 32 
100 93 131 134 137 — 
30 et seq. — — — — 
23 pEi 25 26 = — 
19 20 19 6 — — 
* H 4 5 6 7 
380 2,837 336 288 184 60 
7o 4o 34 28 26 22 
25 = = 25 = == 
60 65 7° 75 a5 75 
69 9o 51 190 43 43 
— o 1,140 = = = 


Case 17—continued 


Days 

As. parasites 
Crescents 
Maximum temp. 

Q. hydrochloride 
"Total lencocytes 
Hb. Tal., percentage 
Ur. urob., mgs. ... 


Faec. urob., mgs. 


Days 

As, parasites 
Crescents 
Maximum temp. 

Q. hydrochloride 
Total leucocytes 
Hb. Tal., percentage 
Ur. nrob., mgs. ... 


Faec. urob., mgs. 


Days 

As. parasites 
Crescents 

Maximum temp. 

Q. hydrochloride 
Total leucocytes 
Hb. Tal., percentage 
Ur. nrob., mgs. ... 


Faec. urob., mgs. 


36 


20 


8o 


76 


105 


" 


8o 


76 


20 


42 


26 


85 


79 


27 


72 


Au 
G 


Case 17 —contnued 


Days ` — seg cn oan 29 
As, parasites — ... ae eno o 
Crescente m ze xs — 
Maximum temp. sc nos 18 
Q. hydrochloride S: Bos 30 
Total leucocytes von 2 125 


Hb. Tal, percentage ... Ë - 


Ur. urob., mgs. ..- Ss SE — 
Faec. urob., mgs. sus ses - 

Days ES coc 607 36 
As. parasites... op bon -— 
Crescenrs ton T ác o 
Maximum temp. 2 son 26 
Q. hydrochloride 38 E. - 

Total leucocytes E occ — 
Hb. Tak, percentage — ... zs 9o 
Ur. urob., mgs. ... "x oh = 
Faec. urob., mgs. odo E: = 


Case 18.—A. C., steward, 29; Congo; 77 days; March, 100 lbs. 


Days . I 
As. parasites... mee o 32 
Creacents sss E eor 32 
Maximum temp. 50 ana 32 
Q. hydrochloride o. ue — 
Ur. urob., mgs. ... ace zz = 
Days 8 
As parasites. ccc Di = 
Crescents Ei ^o n = 
Maximum temp. O ES 20 


Q. hydrochloride Jm E = 


Ur, urob., mgs. ... 2 e 33 


3 


32 33 34 35 
o — 12 — 
18 18 28 22 
85 = 9o PS 
39 49 = Eu 
12 — = : 
26 24 — i 
— go e 

4 5 8 7 
— 24 — 128 
— 24 SS 30 
32 26 20 26 
47 81 54 38 
11 12 13 14 
So Ou ras 
68 52 SC 52 
24 20 IO FO 
10 = im _ 


Case 18—continued 
Days 
As. parasites 
Crescents 
Maximum temp. 
Q. hydrochloride 


Ur. nrob., mgs. ... 


Days 

As, parasites 
Crescents 
Maximnm temp. 
Q. hydrochloride 


Ur. urob., mgs, ... 


Days m Gy 
As. parasites 
Crescents e 
Maximum temp. 
Q. hydrochloride 


Ur. urob., mgs. ... 


Days on sei 
As. parasites 
Crescenta 
Maximum temp. 
Q. hydrochloride 


Ur. urob., mgs. 


Days 

As. parasites — ... 
Crescents 
Maximum temp. 
Q. hydrochloride 


Ur. urob., mge. ... 


Ji 


20 
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Case 19—H. R., sailor, 20; Niger; 4o days; March, rto lbs. 


DI eo m 1 2 3 d 
As. parasites — ... eo oo Eben 2.54.3 184 o 
Crescents om GG .. None — — = 
Maximum temp. BON 76 75 32 32 
Q. hydrochloride 5 "o - 20 — — 
Total leucocytes cn TO 37 31 -— — 
Hb. Tal, percentage — ... o 6o zo 65 79 
Ur. urob.. mgs. ... di to 67 o 132 144 
Das... cn c sss 8 9 19 11 

As. parasites... ven AD o o o o 
Crescents Oo rác oco — — = = 
Maximum temp. e ves 28 24 24 32 
Q. hydrochloride E -€ — = = = 
Total leucocytes SC -- eer — = 94 
Hb. Tal, percentage — ... on 8o 3o 85 85 
Ur, orob., mgs... — oe 108 116 38 To 
WS oa a a 15 16 17 18 
As. parasites — ... T Go 200 — o s 
Crescente ^g en oo => = GER Ee 
Maximum temp. NN R $4 36 26 20 
Q. hydrochloride ae. er 1o 3o 3o et Seq. 
Total leucocytes ot TC — = 128 x: 
Hb. Tal, percentage ... zi Bo 7o 8o = 
Ur, urob., mgs, SH Se — 116 30 13 


Case 20.—F. B., steward, 24; Niger; 4o days; March, 129 lbs. 


Days "o Pon e 1 2 3 T 
As. parasites > a 43272 580 22 20 
Crescents "s du 600 o o 9 e 
Maximum temp. da SS yo 56 79 die 
Q. hydrochloride on AB 10 o 20 SEN 
Total leucocytes EEN = = Se 37 
Hb. Tal., percentage... 6o 55 6o 75 
Ur. urob., mgs, Eer o 273 132 162 


170 


54 


Case 20—continued 
Days ses ... 
As. parasites... 
Crescents ... 
Maximum temp. 

Q. hydrochloride 
"Total leucocytes 
Hb. Tal., percentage 


Ur. urob., mgs. 


Days cun 

As. parasites — ... 
Crescents 
Maximum temp. 

Q. hydrochloride 
Total lencocytes 
Hb. Tal., percentage 


Ur. urob., mge. 


Days €T 

As. parasites — ... 
Crescents m 
Maximum temp. 

Q. hydrochloride 
Total lencocytes 
Hb. Tal., percentage 


Ur. urob., mgs. 


Days DS 

‘As. parasites — ... 
Crescents tee 
Maximum temp. 

Q. hydrochloride 
Total leucocytes 
IIb. Tal, percentage 


Ur, urob., mgs, 


... 


... 


m 


DÉI 


20 


3o 


40 


15 


8o 


24 


10 


31 


18 


30 


24 


30 


24 


20 


70 


S 
per cent. 
D 


5 


320 


Case 20—comtinued 

Dag e 0e m 

As, parasites se ven coo 
Crescents See 

Maximum temp. ach SE 
Q. hydrochloride ta 
Total leucocytes oo can 
Hb. Tal, percentage... ... 


Ur. urob., mgs. Sg op 


Dave ge eg TE an 
As. parasites 

Crescents 

Maximum temp. 

Q. bihydrochloride 

Total leucocytes ok E 
Ur. urob. mgs. ... 


Faec, urob., mgs. ois tae 


Daye CH ase SC 
As. parasites — — 

Crescente ech Se 
Maximum temp. SC 5 
Q.brhydrochlortde — ... Dn 
Total leucocytes 
Ur. urob., mps. ... 


Faec. urob., mgs. 


Days 

As, parasites 
Crescents 
Maximum temp. 
Q. bihydrochloride 
Total leucocytes 
Ur. urob., mgs. ... 


Farc. urob., mgs. 


H 


Case 21.—W. T., seaman, 50; Niger; 28 days; April, 158 Ibs. 
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Case 22.— C. G., sailor, 30; Niger; 4o dars : April. 


Days 

As. parasites 
Crescents 
Maximum temp. 

Q. bihydrochloride 
Total leucocytes 
Hb. "Tal, percentage 
Ur. urob., mgs. ... 


Faec. urob., mgs. 


Days 

As. parasites 

Crescents 

Maximum temp. 

Q. bihydrochloride — ... 
‘Total leucocytes 

Hb. Tat, percentage 

Ur. urob., mgs. ... 


Faec. urob., mgs. Se 


Days 

As. parasites 

Crescents 55e Ser 
Maximum temp. am 
Q. bihydrochloride 
Total leucocytes 

Hb. Tal, percentage 

Ur. urob., mgs. +... 


Faec. urob., mgs. 366 


356 


1,500 


Case 2-—continued 


Dan ` +... see ES 22 
As. parasites. «+. bcc — 
Crescents E en E 190 
Maximum temp. a SC 10 


Q. bihydrochloride — ... 3b — 


Total leucocytes ec er 150 
Hb. Tal, percentage — ... ... = 
Ur. urob., mgs. ... cac Ga — 
Faec. urob., mgs. GE ES — 


Div a Boo 29 
As. parasites 4... E = 
Crescents aes SC Se = 
Maximum temp. ben 3 20 
Q. bihydrochloride — ... SCH to 
Total leucocytes o DS = 
Hb. Tal, percentage — ... E 84 
Ur urob., mgs. — .. occ 1o 


Faec. urob., mgs. s m o 


Case. 23—T. C., sailor, 17 ; Niger; 


Days on EE om I 
As. parasites — ... m Qu eee 
Crescents E ec "c: 
Maximum temp. . ^ 98 
Q. bihydrochloride — ... son 20 
Total leucocytes 0... e $2 
Hb. Tal, percentage ... EE 85 
Days... - 8 
As parasites 2... ... 28,500 
Crescents 35 tse ... 608 
Maximum temp, T Xs 86 


Q.bihydrochloride — ,.. ... tannate 
Total leucocytes 


Hb. Tal., percentage... .,, 75 
T 
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10 


82 


21 days; April, 1 


2 
51520 
go 


8o 


to lbs, 


1,200 


Case 23—continued 


Days Hee oot ete TT 15 16 17 18 

As, parasites o o o o 

Crescents des 308 200 500 464 468 468 

Maximum temp. tae T 2$ 20 32 20 

Q. bihydrochloride —— ... x 3o 30 20 — 

Total leucocytes ost Sex -— 102 — = 

Hb. Tal., percentage 8o 85 $5 Be 

Days (ds ag E Se 22 zs 24 25 

As. parasites bos GC Am 20 — 10,48 11,360 

Crescents $e ES ce 160 — 152 20 

Maximum temp. &D oux 28 30 86 go 

Q. bihydrochloride — ... ono — — = 22 

‘Total lencocytes Get E — — 62 60 

Hb. Val, percentage... ... So -— 8o 8o 75 $ 3 
Days A. Zeg SE 29 30 31 32 33 M 5 
As. parasites. - SH o o o o 100 9 : 
Crescents Ss m sis 8 4 20 24 16 + : 
Maximum temp. óc Cep 26 20 32 32 20 2n $ 
Q. bihydrochloride XB wwe — == — E = Get E 
Total lencocytes P dor = 48 So ER g um $ 
Hb. Tal., percentage ... ... 35 $2 82 85 85 8; E 
T oe See 36 y E Em — -— 
As. parasites — ... I d => o = == — ES úl 
Crescents SS Se SÉ = o Ge = — c d 
Maximum temp. SS Sen 3o 20 = — — E 3 
Q. bihydrochloride 7 — ... = = — — = z E 
Totat leucacytes s vm = 6s = = = E " 


Hb, Tal., percentage ... E — 9o = = Ge E 


Case 24.—]. K.. steward, 29; Niger 
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; 28 days; April, 124 lbs. 


Days 0 Pa ac 1 2 3 E 
As. parasitos... o Ann $0190 9oo 1,000 450 
Crescents cc v FE o o 20 16 
Maximum temp. ace ven 52 38 26 32 
Q. hydrochloride cen cee — — — — 
Soamine, grs. +... yn 

Total leucocytes ci one — — — — 
Hb. Tal. percentage... I So 8o So 75 
Ur. urob.. mgs. ... de ode — 48 24 1! 

Das ` .. s ET E 8 9 10 1) 

As parasites — — ES DOS: 9,500 3.900 600 
Crescents 3B à Mes 672 348 348 300 
Maximum temp. n E Ka So fio 30 36 

Q. hydrochloride SS mes — == 10 =! 
Soamine. prs. se wee 3m 10 = 8 = 
Total leucocytes se ex 36 45 79 SE 
Hb. Tal, percentage s os 7o 75 75 Z9 
Ur. urob., mgs. an ca ° = SC m 
URN v — a5. ESO 15 16 17 18 
AS. parasites e o o 200 2,800 
Crescents "s re E 784 572 520 630 
Maximum temp. TOR ox 24 26 38 49 
Q. hydrochloride ic E -— — s = 
Soamine, grs. ee D — — 5 c 
Total leucocytes ves E 75 138 70 45 
Hb. Tal., percentage +... s 8o 82 82 82 
Ur wob,mgs.. — .. ... (faecal) 140 — = 
ët ne Gen ... 22 23 24 25 
As. parasites... Se es &600 200 1,000 100 
Crescents cox STER 5 200 188 132 108 
Maximum temp. S 34 32 20 34 
Q. hydrochloride "E 30 et seq. — = 
Soamine, grs. — .. e o o — = 
Total leucocytes A 35 55 42 36 
Hb. Tal, percentage ... E So 82 82 So 


Er. gb, me, 2 n — 


79 
75 
(faecal) 
26 
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Case 24—continued 
Days wa on ... Soc 29 30 51 
As, parasites... oz S — o — 
Crescents 3 Ti SE — 28 — 
Maximum temp. ace ds 10 30 24 


Q. hydrochloride c S — = Z 


Soamine, grs — ... dm n — — — 
"Total leucocytes E Ar — 9o — 
Hb. Tal, percentage ... ono ~ 85 = 
Ur. urob., mgs. ... on ae — — — 
Days cos -— xa se 36 37 38 
As. parasites — ... ee vc o — o 
Crescents dc 2^ ne 12 — 8 
Maximum temp. ... Gr 30 26 ER 
Q. hydrochloride E ard — — — 


Soamine, grs. ... 


Total lencocytes uat $c 115 = 200 
Hb. Tal., percentage ... x -— — go 
Ur. urob., mgs. ... sine Se = = 


Case 25.—K. K., sailor, 20; Gambia; 20 days; April, 154 Ibs. 


Days. ... 200 adt 1 2 3 
As. parasites — ... SE Ue 31000 4,900 3,956 
Crescents a ate 000 o o o 
Maximum temp. ES 566 86 88 7o 
Q. bihydrochloride — ... or — c= = 
Ur. urob., mgs. E den 76 3o fo 
Faec. urob., mgs, aan o 120 = TE 
Ir MER x 8 9 1 
As. parasites — ... xo e 2,304 684 — 2,200 
Crescents ... E 255 o o o 
Maximum temp. GR sët 36 30 32 
Q. bihydrochloride e ef seg. — = 
Ur. urob., mgs. Sen GE — — me 


Fare. nrol., mgs, 


+ 
14,076 


98 


3 


5 
13,392 
o 

7+ 


20 


18,000 


m 
D 


Days 

As. parasites 
Crescents 

Maximum temp. 

Q. hydrochloride 
Total leucocytes o 
Hb. Tal. percentage 
Ur. urob., mgs. ... 
Days 

As. parasites 
Crescents ... 
Maximum temp. 
Q. hydrochloride 
Total leucocytes E 
Hb, Tal., percentage 
Ur. urob., mgs. ... 
Days 

‘As. parasites 
Crescents 

Maximum temp. 
Q. hydrochloride 
Total leucocytes 

Hb. Tal., percentage 


Ur. urob., mgs. ... 
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Case 16.—A. M., suilor, 445 Niger; 20 days; May, 168 Ibs. 


Case 27.—S. P., trader, 30; W. Africa: Old Blackwater: 


Days 

ÁS. parasites .., 
Crescents 
Maximum temp. 
Q. hydrochloride 
"Total lencocytes 


Hb, Tal, percentage 


L 2 à A 5 
9,700 3,500 2,300 ? ? 
o et Seq. — — = 
36 24 14 20 26 
66 82 60 go 130 
$0 8o So 85 go 
22 18 19 26 15 
8 9 10 11 12 
joo 2,000 300 o o 
22 46 38 24 12 
3o cet seg. — = = 
160 155 176 168 150 
90 8o $8 88 84 
10 — = — = 
1$ 16 17 18 — 
o o = o — 
16 10 20 ag — 
200 == 178 — — 
me zzi go = = 
May, ? 
3 2 3 4 2 
1,104 — — — 1,056 
8 o — — o 
— patient. absent 14 
o ef seq. — — = 
200 — — — 6o 
8o — — — 79 


120 


600 


304 


Case 28.—]. D., negro fireman, 25 (2: Sierra Leones Niger: 42 dass; June. 15i li 


Days SEN rr SCH E 1 2 m 4 A 6 

As. parasites — ... ase Ta gi 700 40 136 29 — ; 
Crescent: Son Ge Or o et seq. — — — — - 
Maximum temp. X rm 24 35 3 32 18 30 4 
Q. hydrochioride ond sep — — = = 10 » p 
Total lencocytes cor Go 45 1o 7c 8o $9  — X 
Hb. Tak, percentage ... — $5 $5 9o NG o E 
Ur. urob., mps. ... fon aes 49 34 o um = EXE 
Faec. urob., mgs. See con — 1.130 — — => = D 
Days oo Fa Go eo H — — = "zz E 
As parasites ` ... E xD o — = = x z E 
Crescente NL. BR one -— — = _ Ge 3 
Maximum temp. aer TE 24 — = E E H 
Q. hydrochloride P» T 20 — — — = E 
Total leucocytes a oe 120 - — — = = Z 

S Jib. ‘Tal, percentage — ... E go — — == = aa 
LL ET S so — — - — = y Te 
Face. nrob., mgs. do Ge — — — — = z K 
Case 29.—M. Sa fireman, 38; Niger ; 70 days; 

Days Yr. ... ee as 1 2 3 + 5 9 ! 
As. parasites — ... xx zen 5,300 6.500 — 3,800 o o 

Crescents ies FE a o 4 4i o 9 t 
Maximum temp. SCH ong 33 69 32 32 32 i S 
Q. hydrochloride d MEE — 20 39 et seg, — pee m 
Pol. leucocytes ... one Sé 21 21 aa T 20 28 Y! 
Mon. leucocytes 2f ag 12 35 64 18 45 45 Ie 
Hb. Sal., percentage — ... Sos 6o Re 65 65 60 65 % 
Days... dte SES SC g 9 10 = = — ep 
As. parasites — ... coo GE o o o — => SS G 
Crescents cos con "5e o o B = = ER zd 
Maximum temp. SES Së 32 32 25 a M e = 
Q. hydrochloride Str Ss — = = — — E d 
Pol. leucocytes ... Ss aise 78 45 ae = = — S 
Mon. leucocytes... ccc coo 128 45 30 — — = y 


Hb. Sal, petcentage — ... abt 70 65 79 = Se? du 
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Case 30.—J. Wo, sailor, 535 Niger; 15 days; func, 133 Ibs. 

Days o... mo E Dr 1 2 3 4 
As. parasites — .- a e. 44000 2,800 A 8 
Crescents E. m o o o o 
Maximum temp. ae Eo 79 54 22 32 
Q. hydrochloride bre op 20 o etsy. -= 
Pol. leucocytes +... +. 23 22 28 29 


Mon, leucocytes... on ee 15. 85 62 62 


Day neues ent e $ 9 10 11 
Ae, parasites 44. e .. 20 o o o 
Ciescents om cit am 120 152 120 116 
Maximum temp. NES. 22 22 25 22 
Q. hydrochloride ca ze? — — = = 
Pol. leucocytes .. s Ach 75 35 35 fe 


Mon, leucocytes dod ác 121 6o 28 32 


D. t5 1G — 
As. parasites — ... i: ex o o — 
Crescents no oct CE 68 36 = a= 
Maximum temp. E om DS 25 us 
Q. hydrochloride E ads 20 20 = 
Pol, leucocytes ... w e 142 61 xod 


Mon. leucocytes T onn 98 73 — = 


Case 31.—). R., sailor, 20; Niger ; go days; June, 119 Ibs. 


Days ioe I 2 3 + 
As parasites... 0 02. 0. 2£8 60 14,000 25,600 16,800 
Crescents oe SC Gr o et seg. T E 
Maximuni temp. T Torre 95 108 LEI 57 
Methylene blue, op +... = dk AFAR m 
Pol, leucacytes ...— see os Us 35 55 Ge 
Mon, leucocytes A BER 3 75 ES a 


Hb, Tal, Percentage. ves — 8o 85 


pP 
E 


12 


8o 


39 


79 


Case M—«ontiniucd 


Days ep ET ... aes 3 y 10 it 12 
As. parasites... 3x SS o o o o o 
Crescents spe Se ... E — — — ES 
Maximum temp. fa oed 29 25 32 29 iz 
Methylene blie, grs. ... ves — — — — — 
Pol. lencocytes ... Ac SC 15 17 20 65 92 
Mon. leucocytes 2 38 39 36 135 $$ 
Hb. Tal., percentage ve 65 70 75 75 75 


Case 32.—F. H., sailor, 20; W. Africa; 150 days; July. 150 lbs. 


Days 

As, parasites 
Crescents 
Maximum temp. 
Q. liydrochloride 
Pol. leucocytes ... 


Mon. leucocytes... 


60 


ta 


we 


2 


29 


Case 33.— Steward, 18; W. Africa; recently 


Days PX ves 
As. parasites 
Crescents SES 
Maximum temp. 
i Q. hydrobromide 
[, Pol. leucocytes ... 
Mon. leucocytes... 


Hb. Tal, percentage 


S; a 
delirinm delirium delirium delirinm 


aoc l 2 
2,500 6,700 
... o et seq. 
SES 108 61 
16 10 
cci 55 35 
68 40 
105 95 


3 


10 


4 


fon 


"a 


6 
1 jo 200 
104 & 
4o 2 
39 5 
45 IR 
6 = 
- = 
3 2 3 
— 730 et i 
32 5 
S8 7 
R 


